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OMDITIO»    J—MLIL    OfS    ESSAO 

«i •CENTItE OOAKM" - iWtP«mt. 

1 » I • • 

L*« «stals dont nout aliens donr»r c!-<l«tsous l«s condiiiont d'tx^cu- 
tlon «t Us r^sultatt. ont 4t4  tp^cieUnwnt «ntrepris dans 1c cadr» du 
Contr«t No. AF 61 (514) 1409.  Lc« falbU» drflal* qul nout ^«altnt Imp-rMs 
nous ont obliges ä l«s rolls*: * cadence irtt rapid«, c» qul nous a pitm 
ces en face da difficultes as ez grandat quant h  la reunion das moyens ma- 
teriel; et du personnel nlcessaires* 

o 

o o 

I.  BUT DES ESSAIS t - 

a) Etude comparative de tuyeres. 

L'un deo buts das esssis r^sldait dans I'^tude comparat've, pour une 
tuyere donr.4e, de plusieur« r^glages possibles obtenus en faisant ve- 
rier la pression d'alimentation et les dimensions de l'ouverture de la 
fente de la tuyere. 

Ceci realise, on a, pour une m^me fami lie de tuyeres homothetiques ou 
semblcbles, compart les performances de ces differentes tuyeres. 

Enfin, tous les essais pr^c^dents <*tant effectues, on put en d4duire 
la famille de tuy^^es ayant le meilleur rendement. 

Nous nous sonmes pgalement efforces d'effectuer, autant que possible, 
une etude qualitative de ces tuyeres. 

b) Terminologie et definitions t 

Les tuyeres COANDA sont de trois types differonts (Figures ci-dessous) : 
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uumuL  oawiTioHS   OP   nc   rests  MUX 

AT T>C -CUAW^A CEMTW,  MLPAlRf. 

Th« t*9tt «vtitch WT»  carried out in th« condition« and gava tha ra- 
sultt to ba dascribad balow «*ara parformad in axacution of Contract No, 
AF 61 (M4) 1409. Owing to tha short tima at our disposal, thay had to 
ba carried out in rapid succassion so that we wara facad with considarabla 
difficultias in collecting the material equipment and the personnel ra - 
quired, 

e 
© O 

I,  PURPOSE OF THE TESTS t 

a) Comp5r?tive study of nozzles. 

One of the objects of the tests was to make a comparative study» for 
a given nozzle, of various different adjustments possible, obtained 
by varying the feed pressure and the dimensions of the slot opening. 

Having done this, we compared the Performance of different nozzles 
belonging to the same category of homothetic or similar nozzles. 

Finally, on the basis of the above-mentioned tests we were able to 
deduce which category of nozzles had the highest efficiency. 

We also tried to make a qualitative study of the nozzles. 

b) Tarminoloav and definitions. 

COANDA nozzles are of three different types,  as shown in the figures 
below : 
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« iuY»r»i •KtTTW. »Ktrl——nt  irt>rps»*nt»i pour I'ttptrimntition th#o- 
rlqj« Mit «an*  irtrfr*'  pour I'Mrodyn». 

- ruvirrot intomoi. qul ont  fait 1'otojot do cos OMolt. 

- Tuv^roi du tvpo "LA.*,  «ur losquollos ont 4tf offoctu^a d'^utro« »ssali. 

D>»crlPtion g^n^ralo d'uno tuvtro Intomo COUiDA t 

Uno tuy&r«  interne COA»J)A so eoaposo  I 

- d'un converq»nt-dlvorQent pr^sontant un col. 

- Le convergent debute par une Uvro dlte flxo.  ä  facottoa ou ä prof11 
continu.    La coupe d» cette iTvreeotappoleo Profil.    L'onsemblt oat 
entour^ d'un coroa concentrlquo,   I'lntervallo ontro 1« corp« do la 
tuyere et le system© convergent-divergent formant la chambro do la 
tuy&re. 

- Cett. chambr. .st ferm^. du oM conv.rg.nt par un volum. torlcu. 

parti, venant but.r a».e la livr. fix. .at .pp.«. Uvr. »nb! lt. 

■ lutiilviz iLUr^tsjrs."?? •!&*» * ** m -rt. 

■ 

. ^-_,  ~- -«a» Avvxv« secanent et leur plu) 
distance est appel^e ouverture reelle : cette ouvorture reelle n'est 
paa toujours facile h  mesurer directement, et on pr^f^re introduiro 
une ouverture dite "au pas", qul ropr^sente le d^placement du chapoau 
lorsqu'on le d^visse. La correspondance entre l'ouverture reelle et 
l'ouverture au pas est donn^e pour chaque tuy&re par un tableau. 

■ 

c) Presentation des tuyeres essay^es I 

Los tuyferes sent groupies par families, A 1'int^rieur d'une famille les 
tuyeres peuvent Stre soit homoth^tiques (pour une ouvarture nulle), solt 
semblables, e'est ä dire de mime section m^rldienne mals de dlamfetre au 
col different. • 

Quatre families de tuyeres ont 4t4  essay^os t 

- Une famille de tuyferea ä facotte« homoth^tiquos (co sont los tuyferos 
12, 160 et 22). 

- Doux families de tuyeres h profll arrondl hon»th^tique» (ce sont res- 
poctivement les tuyferes ICEbia, 162, 202, 302bis, ot les tuyeres 104, 
164, 204 et 304). to 

- Enfin, une famille de tuyeres I profil arrondi somblables (ce sont les 
tuyeres 102, 202 et 302). 

Cos tuyeres ont tf£  r^slis^ss sn aluminium eoul«. Cos prototypes, 
de realisation t^s delicate, auraiont du etre executes on bronze afin 
d'avoir une r^gularit^ ricoureuse des profils et un ^tat do surface meil- 
leur; le prix de levient de telles tuyferos nous s fait adopter 1»aluminium 
(mati^re moins chfere, execution plus rapide). Nous avons pu ainsi fairs 
dos ossais comperatifs int^rcssants, cepondant 11 ost Incontestable quo 

i 

' 
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- ExtTnal nozzle« t of gv - interest for theoretical eipertaente» 
tion but of no interest es rec^ *« the Aerodyne. ^ 

- Internal .^z^.e« i used for the tests in question. 

• "L.A," type nozzles :  used for othc. tests. 

General description of a COANDA internal nozzle : 

A COANDA nozzle consists of the following parts : 

- a converqent-diveraent part presenting a throat. 

- the convergent starts with a so-called fixed lip whose profi'e may be 
continuous or present successive facets. The cross-section of thl» 
lip is called the profile. Tne whole is surrounded by a concentric 
body, the space between the body of the nozzle and the convergent- 
divergent forming the chamber of the nozzle. 

- On *he  conveiyent side thia chamber is closed by a toric element 
screwed onto the body. This is the ^aj) of the nozzle, and its edge 
which can be screv.ed down to touch the fixed lip is called the adjus- 

table lip. 

- When this cap is unscrewed, the two lips move apart and the shortest 
distance between them is called the real opening ; this real opening 
is not always easy to mesure directly, so that we prefer to take the 
so-called "opening by pitch", which measures the movement of the cap 
by unscrewing this cap. The relation of the real opening to the ope- 
ning by oitch for each nozzle Is given in a table. 

c) Nozzles tested. 

The nozzles are classified into categories. Within one category the 
nozzles may be homothetic (for zero opening) or similar, that is to 
say having the same meridian section but a different diameter of throat. 

Four cateaories of nozzles were tested : 

- One category of homothetic nozzles with facets (nozzles 12, 160 
and 22). 

- Two categories of homothntic nozzles with rounded profiles 
(nozzles'I02b, 162, 202, 302b, and nozzles 104, 164, 204 and 304 
respectively. 

- One category with similar rounded profiles (nozzles 102, 202 
- — j oooV 
dllU J\J*. I  * 

These nozzles were oast in aluminium. Their construction was a very 
tricky job, arid these prototypes should have been made of bronze in order 
to ensure the absolute regularity of the profiles and lave a better sur- 
face. However, the high cost of such nozzles led us to adopt aluminium 
as a cheaper material and quicker to work on. We were thus able to make 
interesting comparative tests; however, it is quite certain that with mate- 
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d.»  realisation» ■•lllwur«« ä'uiinq* pourr«l«nt uidliofT mncorm »•.nsibl«- 
mnt   U  phtnomtr*. 

jjliMgUi <1f  H m»n •    D» I'-ir «ou. pr...lonjnvoy< d.n« }j^;«"J« 
d*  la tuy*r«, «n «ort per la f«nt« «ntr« la l>vr» mobil« «t 1« l»vra fix». 
U d^bit da cat air aat appaU d<bit prlMira. La Jat qua constitua 1'alr 
primalra suit  la prof 11 da la tuykra an aapirant da I'air aniblant at la 
tout passa h travar« !• convargant-divargant.    La drfbit Basure h la sortia 
du divergant ast appall d^bit total,  laqual aa compoaa done da I'jilJti- 
maira (d^bit primalra) at da I'air aapirtf (air ««condalra).    U rapport du 
d^blt  total au d^bit primalra ast appall "induction".    U flux da quantiU 
da mouvemant ainsi cr^^ axerce una forca sur la tuyira.    La composanta da 
cette  forca sulvant  I'axa d« la tuyira aat appal^a "t^aetion,,. 

d) Mesuras  : 
UJ masures qua I'on se proposait de faira ^taient las suivantas I 

- pression le long de la l&vre fixa, 
- d^bit primaire» 
- d^bit total, 
- traction, 
- temperature dans la chambre de la tuy^ra, 
- temperature h  la sortie du divergent, 
- vitesse h  la sortie du divergent, 
- temperature du jet I la sortie de la fente, 

toutes ces mesures pour dlff^rents r^glages d'ouvertures et de pressions 

dans la chambre de 1^ tuylre. 

lit. METHODE OFERATOIRE i 

a) Installation a^nerale du banc d'essais. (Las num^ros mis antre parentheses 
\  ranvoiant au schema du banc 

Le banc d'essais comprenait t ( d'essais.) 

- Trois compresseurs da 25, 10, 7,5 CV,, months an s^ria, d^bitan-t environ 

0,45 Kg, d'air par seconde. 

Get air 4tait accumul^ dans daux reservoirs d'un volume total da 6 m3,, 
pouvant supporter une pression da 7 Kga./cnß (18 at 19). Gas r^jarvoir« 
etaiant en liaison avec un reservoir dit "re«ar\/oir tampon" d'un«» capa- 
cite da 2 m3 (15), dans laqual on s'arrangeait, par manoeuvres de vannes, 
pour avoir une pression constsnl-e da 4,5 Kgs./cin2. De ce reservoir tam- 
pon I'air traversait deux debim^tres da sanaibilite differente (14 at 15). 
Cat air passait ensuita dans un petit reservoir destine & homogeneiser lac 
caracteristiques physiques de la veine. L'air traversait alors un joint 
tournant (4), puis se rendait dans la chambre de la tuyfer« : celle-ci 
etait suspendue I  one balance pendulalre (6). 

b) Mesure du H«SM» primaire : 

La gamme des essais necessitait deux sensibilites de debim^tres qui furent 
monte« en parallele. D'abord un debinÄtre k  diaphragma "BERI" (14), qui 
dans las conditions das essais (pression au diaphragma de l'ordre de 

♦ 

■ 
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rial allowing of better machining the efficiency of the pherowenon could 
be «till further irrreased. 

Operation of the nozzle I Compressed air is sent into the chamber of 
the nozzle and emerges from the slot between the adjustable lip and the 
fixed lip. The air discharged through the slot 1$ cail-jd U.e primary 
flow (primary air). The jet of primary air follows the profile of the 
nozzle, on its way inducing part of the surrounding air, and the resulting 
mixture passes through the convergent-divergent. The discharge measured 
at the exit of the divergent is called the total flow and thus consists 
of the primary air (primary flow) and induced air (secondary air) . The 
ratio of the total flow to the primary flow is called the "induction11. 
The momentum flux thus created exerts a force on the nozzle. The compo- 
nent of this force along the a»is of the nozzle is called the thrust 
(refered to in th? tables as traction). 

d) Measurements : 

The measurements undertaken were as follows : 

- pressure along the fixed lip, 
- primary flow, 
- total flow, 
- traction, 
- temperature in the nozzle chamber, 
- temperature at the exit of the divergent, 
- velocity at the exit of the divergent, 
- temperature of the jet at the exit of the slot, 

all these measurerents being tVicen for a series of different op«nings 
and pressures in the chamber of the ncr.zle. 

II.  OPERATIONAL PROCEDURE : 

a) General equipment of the test bench, 

The test bench contained the 
following s 

(The numbers in brackets are for 
(rtfeience to the test bench 
(diagram. ) 

- Three compressors of 25, 10, 7,5 hp, mounted in series, their approxi- 
mate output being 0,45 Kg of air per second. 

This air was collected in two reservoir tanks having a total volume of 
6 cubic meters, able to stand a pressure of 7 kg/cm2 (18 and 19). These 
reservoirs were connected to a so-called "buffer tank" of 2 cubic me- 
ters capacity (15), in which by means of a system of cocks we maintai- 
ned a constant pressure of 4.5 kg/cm2. Coming from this buffer tank, 
the air passed through two flow meters of different sensitivity (14 and 
15). This air then passed into a small tank the purpose of which was 
to homogenize the ohysical characteristics of the stream. Then the 
air flowed through a turning joint (4) and went on into the i ozzle 
chamber. The nozzle was suspended on a swing balance (16). 

b)  Measurement of the primary flow t 

The range of tests undertaken made it necessary to have flow meters 
of two sensibilities, which were mounted In parallel. First there was 
a "BERI" fjow metor vdth diaphragm, which In the conditions prevailing 
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4#» MjßJmQ.    ft 20*) p0Mv«lt v«wff«r MA 44Ht 4» 50 ft 900 frawt par M- 
cooiW.     fn«   st«,  «n   l*M**tr« ft dUp«ir«9B» «witi,  db Xfp»  nxvmktf 
'HotKtoc*  (II), qul,   COMjourt MM«   !••  condltloo» d»t •••«it.   pouvtlt  ••- 
•or#r un d^Mt d» 290 ft 1.300 grtMMt par Mcmd». 

c)    Utauxa Jd» JMJBiM  • 

L*t t«mp^r«tur*s «M nlwau dds d^blafttrvs tftal«nt «»jur^ct par d«t th«rmo- 
nfttr<»t tp^claux \  avrcur» (13)« 

L« temp^ratur« «u nlvcau dt la tuyere 4tait misur^« par das thermo-couples 
B.F.E. - C.T.E, (9). 

d) M>»ura de$ Prasslonf t 

D'une fa^on g^nf'rale, la tern» "pressior.s" sionlfiera, dans ces essaia, 
"pretsions manom^triques" et non "prassioif absolue«".  La d^tennlnation 
de la repartition de pression le long du profil de la tuvftra se fit au 
moyen de prises statiques relives ä l'int^rieur de la chambre de la tuyöra 
ä des tubes de caoutchouc sortant de la tuyere a travers le corps da celle- 
ci au moyen de tubes de laiton riqides. Ces tubes de laitjn ^talent alors 
relics par des tubes de caoutchouc souples a une batterie de manom^tres (JO) 
differentiels ä mercure.  La pression dans la chambre de la tuyere ^tait 
nesur^e par un manom^tre metallique, ou par un manometre ^ mercure (5). 

a) Mesures de traction \ 

La balance (b) ^tait constitute de deux bras de levier horizontaux de 
chacun 2 m. de long; ä un troisi^me bras da levier vertical etait fixee 
la tuylre ä essayer, de teile faron que l'axe de la tuyere seit, >< quelques 
millimetres, situ^ a un m^tre un point de rencontre g^om^trique des trois 
bras de levier de la balance. Le Systeme des trois bras de levier repo- 
sait par l'intarm^diaire de deux coutaaux sur un socle rigide fix^ au sol. 

A l'arret, la balance 4tait taree de la;on ä ce que les deux bras de le- 
vier en prolongement l'un de l'autre soient effectivament horizontiux. 
En cours d'essais, la mesure de la traction s'effectuait par la mesjre du 
couple produit par la balance; pour ce faire, on plaqait des poir*., sur des 
plateaux situes aux extr^mit^s des bras de levier horizontaux de fagon & 
amener effectlvement ces bras de levier \  I'horizontal. En fait, pour 
augmenter la precision et la raoiditl des mesures, or fut amsn^ & comple- 
ter ce syst^me. A l'extr^mit^ de l'un des bras horizontaux £tait pendue 
une chalne dont I'extr^mit^ libre pouvait Itre relev^e et attach^e \  un 
point fixe independant de la balance par I'lnterm^diaire d'un moulina*"} 
ce Systeme permettait de charger d'une fagon continue les plateaux de la 
balance. 

f) Mesure du d^bit total t 

Pour des raisons que nous expliouerons plus loin, 1» d^bit \  Is sortie uu 
divergent n'a pu se faire qu'au tube de Pitot.  Le tube de Pitot utilise 
avait t-Xi  construit et ^talonn^ par le C.N.R.S. (Centre National de la 
Recherche Scientifique.) 

La difference de pression 4tait mesur^e par un manom^tre \  eau, 
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Airlne the t—f ,di«^ir«gB pfftMM*r« «ppr««. i»5 *«/«■? «t 20*) eoMld w« 
• flat »f 90 t« MO «TM» p»r MCOM. ThMi CM» Mwtiwr fio» ■•«•r «It« 
■If tftaphTAgB, «f *H« -MnfOfC* <^r««*t«r ttp» (if), «ftleh. In thm glwvn 
t»»t   -. *diMo«Mt could aMsuf« • flo» of 290 to I,3CO groat por oocond. 

c) Towconturo iio«suron»ntt  t 

Th« fon(,«ra'.uro «t in» icvol of tho flow aotort »as takon with tpoclal m»r- 
cury thomoinotor« (13). 

The tomper^turo at the level of the nozzle was maaturod by B.T.E. - C.T.E. 
thormocouplo» (9). 

d) The term "pressure", used in reference to these testa» mean» gauge pressure 
and not absolute pressure. The distribution of pressure along the profile 
of the norrle was detenrined by means of static-pressure connectiona, connec- 
ted iiside the nor.-jle chamber to flexible rubber tubes, these being connec- 
ted to rigid brass tubes passing out through the body of the nozzle, whera 
they were again connected to rubber tubes leading to a set of mercury diffe- 
rential-pressure gauges (lO). The pressure inside the nozzle chamber was 
measured by a metallic gauoe or a mercury gauge (5). 

a) Traction measurements ; 

The balance (6) was formed by two horizontal lever arms, each 2 meters long« 
The nozzle to be tested was attached to a third, vertical lever arm, in 
such a way that the axis of the nozzle was, to witbin a few tnilllmeters, 
one meter from the geometrical point of intersection of the three lever 
arms of the balance. The element consisting of the three lever arms rested 
on two knife-edges attached to a rigid stand fixed to the ground. 

The balance was adjusted so that when at rest the two lever arms lying In 
the same line were exactly horizontal. During the tests, the traction measu- 
rements were taken by measuring the couple produced by the balance. To do 
this, weight« were placed on the plates at the extremities of the horizontal 
lever arms in order to bring them into the horizontal position.  In order 
to increase the accuracy and rapidity cf the measurements, we completed 
the system by hanging a chain from tho end of one of the horizontal arms, 
which could be attached by means of a real to a fixed point not connected 
with the balance. This system made possible a continuous adjustment of 
the level of the balance plates. 

f) Measurement of the total flow. 
» • 

For reasons which will be explained later, the discharge at the exit of 
the divergent could only be measured with a Pitot tuta. The Pitot tube 
used was made and calibrated by the C.N.R.S, (National Center for Scien- 
tific Research). 

The presture difference was measured by a water gru^a. 

V 
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U> c^M*r« tf^ I« Cuylr« 4flt «Itavnti« •« «if pri-^lr« p«r un MUI orl- 
flc«, cm 9ul eonstltu« un» »ourc« d'trr^ulcrlU» ämn» 1 **lia*nt«tlon «t 

dan* l'tfeoulwMnt. 

En outr«, 11 Mt ^vld«nt qu«. p«r l*«xlttMC« «IM d« l'SfiH COANDA, 1« 
vitvtt« d'^OjUnwnt 1* lonq  d« Tax« d« la toykr« »st plus faibU qu'cu 
voisinag« d*s parols, d'ou la r^cttsit^ pour un» Twsur« precise du dtfbit 
total par un system* i  diaphragm« d'une longu« cantlisation cylindriqu« 
i la suite du divergent pour homon^n^isar la vain«. Un t«l system«, Isurd, 
encombrant, n« perm«t pas alors de nwsures siiTwlt^n^es de tractions. 
La mesure de celies-ci nous p.iraissait plu» interessante que l-i mesure du 
debit total. En effet, th^oriquenient, la traction est Igale au flux d« 
quantity de mouve.Tient sortant et une mesure precise de la vitess« ^ la 
sortie devrait per-rtettre de calculer la traction;  en fait, 1* irregularity 
de la tuyere fait que la quantite de mouvement n'est pas orient^e suivant 
l'axe de la tuyere et la traction n'^st plus 4gale, mais inf^rieure, au 
flux de quantity de Tiouvement sortant.  On a done 4t-i  amene au Systeme sui- 
vant : mesures lirectes des tractions au Tioyen de la balance sus-indiqu^e, 
mesures de la vitesse de sortie par sondiges au Pitot en cinq points. 
On a tente de rcgulariser un oeu la veine en conpletant la tuyere prepre- 
•^ent dite par un divergent de realisation quasi instantan^e, form^ de pla- 
ques de nnatiera plastique lisse de poids 
de charge eli« aussi ndgliqeiole. 

'gligsabls st CTmtnt  une pert« 

b) 

Les vitesses de sortie indique'es dans les resultit? des ess^is sont calcu- 
lees d'aores la moyenne des indications du Pitot et le debit total est 
calcule a partir de cette vitesse, de la section de sortie du divergent en 
matiere plastique, en prenant pour deisite de l'air celle correspondant 
h   la  terpp^rature indiquee par le therTo-couple. 

Precision de la mesure du d^bit primaire ! 

Le debin?>tre 3ERI (14) a une precision de l'ordre de plus ou moins 5 gram- 
mes.   Les essais faits avec le debimetre 3EHI correspondent a un d^bit 
pri-naire compris: entre 50 et 500 granmes par seconde, et l'srreur relative 
est done toujourr "omprise entre I et 10 %. 

Le gyrom^tre "HOUDEC*' (ll) ne donne pas une precision sup^rieui« h  15 
grammes. 

* 

Ce debimfetre Itant utilise pour des debits supt?rieurs h  300 grammes/seeonde, 
l'erreur relative est toujours inf^rieure ^5%. 

e) Precision de la mesure des temperatures t 

La mesure des t«mp«r«tyr«« au niveau des debim^tires a ete faite par thermo— 
metres spc'ciaux au mercure (l3), gradu4s en l/5^me ae degr4, h  r^pons« 
rapide. \ 

La precision ^tait largenent süffisante pour la nesure des debits« 

ts au nive La mesure des temperatures au niveau de la tuyere et ^ la sortie de la 

- t 

■ llMll ■ . *■!■ » - 
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—Mi 1 M irmtrnm vt rt rr —1 
• ) QiMtnSfiKX  b»t^cr. tf» ■»•■ur^»nH of tr«cti<m •nd lOttl fiOW • 

Th# nettlt eh«Hb«r -•• fvd «Itn .ri^ry «ir tnm •  »InqU orlflc«, ^iteh 
eanatltutcd • touru« of Insularity In th« «Ir supply »nd IN« flow, 

* 

B«ild#i, It it cloor fro« too mrm  oxtttonco of th« CüANDA Effect thot 
tho flow along th« noztlo ««is it slowor than alone; tha walla, whanca 
tna nacaatlty for aecurata «ajaurawant of tha totil flow by a diaphraga 
ayatara plaead in a langth of cylindrical t-iba axtanding tha divargant, 
in order to randar th« flow homoqanaous. Such a system, heavy and 
comberaome, does not permit of simultaneous traction ratasurements. These 
measurements had a greater interast for us than those of the total flow. 
Theoretically, the traction is equal to tie momentum flux emerging from 
the nozzle, and accurate measurement of tie exit velocity should enable 
us to calculate the traction.  In actual fact, however, the irregularity 
of the nozzle prevents the momentum fro.n being directed along the axis 
of the nozzle and the traction is no longer equa' to, but less thans the 
momentum emerging from the nozzle.  We wev^ thus led to adopt th? follo- 

wing practice : direct meas remert of the traction by the balance refered 
to above, and measurement of the exit velocity by soundings with tha 
Pitot tube at five points.  We tried to regularize the stream a little 
by extending the nozzle proper with a divergent, devised on the spur 
of the monent, formed of sheets of smooth plastic of negligible weight 
and creating only a negligible loss of energy in the air flow. 

The exit velocities shown in the results of the tests are calculated 
according to the mean of the Pitot tube readings and the total flow is 
calculated from this velocity,' at the exit section of the plastic di- 
vergent, taking the air density correspondinn to the temperature shown 
by the thermocouple. 

! b) Accuracy of the measurements of primary flow. 

. 

I 

The BERI flow meter (14) reads accurately to within approximately 5 grams. 
The tests made with the BERI flow meter were for a primary flow of bet- 
ween 50 and 500 grams per second, so the error is always between I and 
10%, 

The HOUDEC gyrometer (ll) is only accurate to within 15 grams. 

As this flow meter was used for flows above 300 grams per second, the 
error still remains less than 5 %, 

c) Accuracy of the temperature measurements. 

Their precision was quite adequate for flow measurements. 

• 

The temperature at the level of the flow meters was taken by special 
quick-reading mercury thermometers (13), graduated in fifths of a degree. 

♦ 

The temperature at the level of the nozzle and at its exit was measured 

' 
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tu,*r« #Ult  fall« par ttmrmocmtpf («) foMrnl« If U C.M.«.S.  U 9€*4- 

* 

La soudure froide des thermo-couples ^talt maintenue k temperature cons- 
tante; la soudure froide baignait dans du mercure plac4 dans un tube h 
essais plongeant dans de 1'eau contenue dans une bouteille Thermos, elle- 
mfime entour^e d'une calsse emplle de sciure de bois. Malgr4 les fortes 
amplitudes de temperature atmospherique (jusqu'i 10° en une heure), la 
temperature de la soudure froide ne variait pas de plus d'un dixi^me de 
deqrl en une heure. Le courant circulant dans les thermo-couples 4tait 
mesur4 par un micro amperem^tre A.0.1.P. Un shunt h  resistance varia- 
ble etalonne permettait de faire verier la sensibility du dixi&me de degr^ 
au degr4. 

D'une fagon q^nerale, cette Installation etait du typ« utilisabl« 
pour l'exploration de la couche limite thermique, mais 4t3nt tt^s sensible 
aux hearts de temperature ambiante et n'ayant pas 4ti  isoläe, la preci- 
sion des mesures est de l'ordre de plus ou moins 2/lO^mes de degre. 

Les vitesses auxquelles etaient soumises les soudures chaudes des 
thermo-euuples ont permls de regliger I'influenc«» da la forme de la sou- 
dure et les courants de convexlon du support de la soudure sur la tempe- 
rature lue. L'un des thermo-couples etait fixe b 1*Interieur de la cham- 
bre de la tuyfere, I'autre thermo-couple etait place k la sortie du diver- 
gent en plastique- Un Systeme d'interrupteurs permettait des mesures 
quasi-instantane?s de ces deux temperatures« 

s 

■ . 

-   i 
. 
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bf tr*r*0caupU» (9) auppll^d by thm C.M.«.S.    Th*lr 
In tf*   followlfv;   l.Kjrmm  I 

U 

. 

The cold junctions of the thermocouples were maintained at constant tem- 
perature; the cold junction was immersed in mercury in a test tube 
standing in water contained in a thermos flask, the latter being in a 
wooden box filled with sawdust.  In spite of considerable variations in 
the atmospheric temperature (up to 10° C in an hour), the temperature of 
the cold junction did not vary by more than a tenth of a degree in one 
hour. The current in the thermocouple circuit was measured by a micro- 
ammeter A.O.I.P, The sensibility could be varied from a tenth of a degree 
to one degree by means of a calibrated variable-resistance shunt. 

In a general way, this system of thermocouple» was of the type which 
can be used for exploration of the thermal boundary layer, but being very 
sensitive to changes in the surrounding temperature and not being Insu- 
lated, the measurements were only accurate to within approximately 2/lOths 
of a degree centigrade. 

The velocities to which the hot junctions of the thermucouples were 
exposed made it possible to disregard the influence on the temperature 
read of the shape of the junction and of the convection currents due to 
the junction holder. One of the thermocouples was fixed inside the cham- 
ber of the nozzle, the other was placed at the exit of the plastic diver- 
gent. A system of switches made it possible to take almost instantaneous 
measurements of these two temperatures» 
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d) Pt#ciiion d> U  a— «^ jfcii t01*1 « 
La mmtf  du d^bit total »at cartatna—nt la aaaura la aoina pr<ci»a qua now« 
ayona pu  fair«. 0t\  aasuralt lat vttaaaa« autant qua pottibla «vac la Pitot 
at« qv*nd !a Pltot ^t*lt InaensiMa» «vac M» >n<inw>tra. La Pitot a 4t^ uti- 
liatf d^a una vitaata da 3 ■./aac., Mia la repartition trla coaiplaaa dat vi« 
taasaa h  la tortia du divaroant fait qua la vitaasa Moyanna obtanua (par ton- 
dagaa an cinq points, rappalnns-lo), est paut-4tra attaz loin da la r^alit^. 
Caci paut conduira k das arraurs sansiblaa sur la d^bit total qui sa riparcu^a- 
ront natural lament sur l'induction.  II aat difficile d» donner un ordra da 
grandaur da la precision;  I'erraur relative ast sans douta inf^rieure i 10 % 
pour le« assais sur la? tuyeres i facettas ou las vitess^s rnasurf'es ^talent 
grandaa.  La precision na doit pas d^passer lb %  t-our ies mesures sur ies au- 
tres tuyeres.  II an r^-sulta qu'en valaur absolua Ies Inductions sent donn^as 
avac one variation du chiffre iignificatif de plus ou moins une unit4. 

Notons qua le divergent en plastique r^alis^ etait homoth^tique pour une fa- 
mi lie da tuyeres, 

a) Precision de la mesure des Tractions : 

La presence du joint tournant suivi d'une durite et la longueur des ifviers da 
la balance fais^ient qu'^ vide la balance etait sensible ei la traction de 20 
grammes, mais en cours d'essais la disym^trie de l'^coulement donnait naissanca 
i  un couple aqissant sur Ies cojteaux de la balance, diminuant la sensibility da 
eelle-ci, at on ne pout pas pretendre ä une precision sup^rieure d 50 grammes. 

f) Precision de la mesure des Pressions I 

Re-partition de pression sur le profil t  Le diamHre das crises stati- 
ques 4tait de l'ordre de 8/lO^mes de millimetre. Sur une si foible distance 
le gradient de pression est corendant elev4 puisque pour Ies tuyeres ä facettes 
la longueur d'une facette peut n'etre que de quelques millimetres : la pression 
lue n'est done qu'une pression moyenne.  D'autre part, en eours d'essais, 
Ies niveaux de mercure dans Ies manometres multiples pouvaient facilement os- 
ciller d'un centimetre (ph^nomene sans doute du h  la turbulence) t la precision 
des mesures des pressions sur le profil est de l'crdre de plus ou moins 5 mm, 
de mercure. 

Pression dans la chambre de la tuyere :  Pour Ies hautes pressions (sup^- 
rieures k I Kc./cm2), on utilisa un manomHre metalllque (5) qui n'avait pas 
4t4  re^talonn^ (ce qui est sans importance pour des essais comparatifs), et on 
ne peut prf'tendre ä une precision supe'rieure h  50 grammes par cm2, ce qui de- 
vrait correspondre h  une erreur relative inf^rieure ä 5 %,  Pour Ies basses 
pressions (inf^rieures au Kilogramme/cm2.) le manometre mötallique etait rem- 
plac^ par un manom^tre diff<'rentiel h  mercure (4talonnagc ci-joint), mais Ies 
erreurs de lecture dues k  la parallaxe faisaient que la pression 4tait obtenue 
I  plus ou moins 5 grammes, ce qui assure une erreur relative toujours inf4- 
rieure ä 10 %. 

IV .  INTERPRETATION POSSIBLE DES RESULTATS I 

a) Las mesures Ies plus sQres r^'alis^es sont Ies mesures de traction et de debit 
primalre, puis vlennent Ies mesures de temperature qui, tout en etsnt sores, 
restent difficiles ä interpreter comme nous aliens le voir. Vlennent ensuite 
Ies masures de repartition de pression sur 1« profil, da pression dans la 
chambre de la tuyere; enfin, Ies mesures Ies moins precises sont eelIes du 
d^bit total et de 1'induction. 

• 

■ 
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a)  Actfuracir of ihm —*ur9m*U  of loUl ftaw i 

Th§  iMtt «ccwrat« of our •m»*ttmmt*f «oro c«rt«inly Uiooo of tfco totol 
floar. Mi ooaturvd Uw wlocltlM •• far •• pMslblo »tU) tho PI tot tub«, 
•nd «hon beyond th» PI tot's r«rw« of r»*dinQ«, with «n i——fb Tbo 
PI tot Mt utod for volocltiot tt«rting fro* 5 ■•/•oe.« but Oo« to tho 
vory complex distribution of volocitloo at tno oiit of u« Jivoi^or.t it 
is possible that tho svan velocity obtained (by soundings at five points, 
as already stated) is perhaps r^tner far froai correct. This could lead 
to approclable errors in the total flow, which would naturally have re- 
percussions on the induction nensured.  It is difficult to state the order 
of magnitude of the precision obtained; the relative error is no doubt 
under 10 %  for the tests on the nozzles with facets, where the velocities 
maasured were high. The preciftion probably does not exceed 15 % in the 
measurements made on the other nozzles. As a result the absolute value 
of the induction rates is given with a variation of the significant figure 
of plus or minus one unit. 

It should be noted that the plastic divergent made was homothetic for one 
category of nozzles. 

e) Accuracy of the traction measurements. 

The presjnee of the turning joint followeU by a durite tube, and the length 
of the arms of the balance gave the latter a sensitivity, when unloaded, 
of 20 grams, but in the course of the tests the disymmetry of the flow gave 
rise to a couple acting on the knife-edges of the balance and reducing its 
sensitivity, so that we cannot assume accuracy to within less than 0,05 Kgm. 

f) Accuracy of the pressure measurenents. 

Distribution of pressure along the profile : The diameter of the sta- 
tic pressure connections is of the order of 8/I0ths of a millimeter. Over 
such a short distance the pressure gradient is still steep, since for 
nozzles with facets the length of a facet may be only a few millimeters i 
the pressure read is therefore only a mean pressure. In addition, during 
tests, the mercury level in the multiple gauges sometimes varied by as much 
as a centimeter (a phenomenon which was no doubt due to turbulence.) The 
pressure measurements along the profile art therefore accurate to within 
approximately 5 millimeters of mercury. 

Pressure in the nozzle chamber t For high pressures (over I Kg./cm2), 
we used a metallic (Bourdon tube) gauge (5) which had not been recalibra- 
ted (which does not matter in comparative tests) and the accuracy of the 
measurements cannot be greater than to the nearest 50 grams per cm2., 
which would correspond to an error of 5 %,    For low pressures (less than 
I Kg/cm2) the metallic gauge was replaced by a differential-pressure mer- 
cury gauge (see calibration tcble), but owing to the reading errors due to 
parallax the pressure noted was correct to within 5 grams, which means that 
the relative error was still below 10 %, 

SL. 

^ 

PQgSIBLE INTHRPRF-TATION OF RESULTS t 

a) Of the measurements taken the most reliable ar?; those of the traction and 
primary flow, then come the measurements of temperature which, though 
reliable, are difficult to interpret, as we shall see. Next come the mea- 
surements of pressure distribution along t^e profile, of the pressure In 
the nozzle crmmber and finally the least accurate, namely, those of the 
total flow and the induction. 

- 

. 

• 



b)  U  princlfMl* %auTC0  J'trr^rt provivnt «• I« tflfflculU qu« ft«M •» 
MM k ^Ubllr un jitirfiwiw p>nMwnt» En •ff«t, 1« ccma—ittwi «A «Ir 
prlaalr* 4fit  »ouwnt ntp^rivur» ft U c«pMlt4 «•• eoaprvttMr« «t il 
«••«•«ilvatt un* chut« <l« or«t«lon »•nttbl« (lut^i'J) 3 ou 4 KQ«.) d«n« !•• 
HMrvoirt •it#ri»urt. U cons4qu*nc« laatfdUt« 4Uit un* chut« d« U*- 
p^ntur», un» variation dant U ö^bit priaair« at. d'un« faqon g^narala, 
un« variation du ph^noai^na. Cast ca qui a conduit k faira i*%  nasuraa 
austi inatantan^aa qua poaaibla das taaiptfraturaa dans la tuykra at k U 
sortla da la tuykra, cas masur^s n'tftant int^rassantas qua dans la masura 
ou on las compara 1'una k I'autra. 

e) O'una fa^on gen^rala, on a'ast afforc^ da prcc4dar k das nesuras aussi 
inrtantan^as at rapidas qua pcsslbla I la traction, la prassion dans la 
chambra de la tuyere at la d^bit primaira ^talent masures k pau prhs  au 
m$rtm  instant. 

d) La rSle das conditions atmosph^riquas et surtout Ja la t.amp^rature *m~ 
bianta ast d^terrrinant sur la nature das r^sultats, d'ou la n^cassit^ 
de nesures groupees dans un tenps aussi court qua possible« 

e) Les ameliorations futures : 

Les diffr-rentes families de tuyeres essay^es ont parmis una ^tude compa- 
rative interessante qui a mis en evidence l'int^rlt du ph^nom^n«,  A la 
suite de ces travaux d'approche et selon les profils d^finitivement chol- 
sis, une ^tude future n^cessiterait des tnoyens plus precis et une ins- 
tallation infiniment plus couteuse. 

En effet, une ^tude tr^s pouss4e des ph4nom^nes n4cessiterait des essais 
durant plus de deux minutes pour que I'on soit certain d'atteindre I'^tat 
de regime. Pour cela, il faudrait une reserve d'air (sous 7 k 8 Kgs. da 
pression) de plus d'une tonne. Les vannas de r^glage de pression devraie 
Itre automatiques.  Le banc d'essais n^cessiterait une gamme plus etendue 
de debimfetres; les manon^tres devraient Stra du type k couteau miroir; 
les manom^tres multiples devraient Stre rlalisls avec des tubes parfaite- 
ment calibres.  II faudrait aussi faira une utilisation syst4matique de 
la photo. Un autre syst&me de me.ure das tractions devrait aussi Stre 
r^alis^ (piezoelectrique), et il faudrait pouvoir mesurer aussi bien la 
traction, suivant l'axe de la tuyfere, qua les couples k axe vertical. 
Ceci nlcessiterait sans doute soit de monter la balance pendulaire sur 
un plateau tournant, seit de remplacer la balance pendulaire par une ba- 
lance a^rrdynamique k cables du type utilise pour let essais de maquette 
en soufflt-fie, etc ....» 

nt 

\    DEPOUILLEMENT ET PRESENTATION DES RESULTATS l 

a) D^bit primaire ; 

Les d^blm^tres avaient 4t6  4talonnes par les fabrlcants; les mesuies n^ces- 
sitaient des corrections de pression et de temperature. 

b) Temperature : 

On a proc^de k i'^talonnaqe des thermo-couples pour la sensibility la 
plus grande. Les essais de mesure de temperature du jet inmediatement 

k la sortie de la fen*e ont ^te fails; ils s'avkrent extr»mement deiicats 

\ 

' 
' 
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b)  in» chUf »ouix# of «rrorc »ri— trom th»  dfficulty mm had tn  aaliw 
t«lnlng p»r*»nmnt  condition» of th« ftmnomntm fing  lnwttlg«C«d. In 
point of fact, tha contuaiptton cf prUary air oftan ascMdad th« capacity 
of tna co«pres»ort. «nien raauicao m »n apfraciaei» ran in praatur« 
(up to J or 4 kq.)  in tha axtam«! supply t«nkt. Tha InsNadiata consaquanca 
was a fall in tanperatura» a variation ir th« prlaary flow and a ganaral 
variation of tha tast condition».  This nacassitatad taking nwasuramant* 
as instantaneously as possible of tha tampMraturas in the nozzla and at 
its axlt, thase two satt of waasuraments balng of interest solely In thalr 
comparison with on*» another. 

c) In general, the neasurfm*»nts were made as rapidly and instantaneously as 
possible: tha traction, the pressure in the nozzle chamber, and the primary 
flow ware read at approximately the same instant. 

d) Atmospheric conditicns and especially the tenperaU're around the test 
bench affect the results, whence the necessity for grouping the measure- 
ments in a minirrum of time. 

e) Future Imprcvemonts i 

The tests on diferent catecories of nozzles allowed us to make an inte- 
resting comparative study illustrating the importance of the phenomenon. 
Following this preliminary work and depending on the profiles finally 
chosen, a future study would demand more accurate equipment and a far 
more costly installation. 

A thorough study of the phenomena would in fact require tests lasting 
more than two T.inutes in order to be sure of having j stable flow regime. 
This would require an a'r reserve (under 7 to 8 kg. pressure) of more than 
a ton. The pressure-regulating valves should be automatic. The test 
bench would require a wider range of flow meters;  the pressure gauges 
should be of the knife-edge mirror type; the multiple pressure-aauges 
should be fitted with perfectly calibrated tubes. Systematic use should 
also be made of photography. Another measuring system (piezo-electric) 
would be adopted for the traction, and it should be possible' to measure 
the couples about a vertical axis as well as the traction along the main 
axis of the nozzle. This would doubtless require mounting the swing ba- 
lance on a turntable, or replacing it by a force-measurement balance with 
cables of the type used for testing models in wind-tunnels, etc.. 

SORTING AND PRESENTATION OF RESULTS. 

a) Primary flow » 

The flow meters had been calibrated by the makers; the measurements ne- 
cessitated correcticnc for pre^urc and tempsrsture. 

b) Temperature ; 

The calibration cf the thermocouples was carried out for maximum sensi- 
tivity. Measurements of the temperature of the ,iet were made right at 
the exit of the slJt;  they proved extremely delicate due to the slight 

. .• 

- 
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h CMM «w U Uiblm ^paltMwr du J»t it *J gfimx «*• prvttlon tfltW qul 
fait qu« U Mudur» Ju ttwrao-eoupl« tftait plaqu^« contr» 1« p«rol. 

e) YUfttt » 
On • C«lcul4 1« vit««s« aüyvnrw i la sort!« du dlvTifnt  «n pr»n«nt 1« 
moynnt  d*» l*ctur«s du Pi tot «t »n c« leu. ant U vitets* par U  Lol d« 
B#rnoulll *n pr«»n«n> pour donsit^ c«U« corrospondant >> la tomp^ratur* in- 
diqul« par los thormo-couplas; do Ih on passe au d^bit total on consorvant 
la m#mo donsit^. 

d) Tjagjfcipn t 
II a 4t4 pToc6d4 h  1'^talorinaga du couple dO au vrillage d • la durito mlso 
sous pressier.. En outre, il a ^t^ proc^d^ h  dos essais conparatifs sys- 
t^matiques de iräclion pour d^celer le rdle du divergent en plastique; pour 
cela, on proc<'diit, dans des conditions identiques do pressions et d'ou- 
vertures, i des ™esures de traction pour la tuyere munie du divergent plas- 
tique et sans le divergent plastique, 

e) Pression sur le profil : 

Los mesures en TiillimHres de rercure ont St£  traduites en millimetres d' 
eau at report^es en ordonnces sur des couroes ou 1*abscissa est egale h 
I'abscisse curviligne le long du profil compt^e h  partlr de la premiere 
prire de pression (courbe en developp^e)» 

f) A titre indlcatif, notons qu'il a 4t6  proc^d^ ä plus do 650.essais; chaque 
essai comporte en moyenne 30 mesures. soit au total 19.500 mesures, et le 
d^pouillement d'un seul essai compor i  35 operations (corrections, moyen- 
nes, trsduction en unites cohe'rentes, etc....), soit au total 22.750ope- 
rations. 

Les essais proprement dits ont necessity en permanence la presence de six 
personnes. 

i 

La mise au point du banc d'essais (apr^s montage) a der.and^ pr^s de quinze 
jours. 

Les depouillements ont demand^ plus d'un mois de travail, a cinq personnes, 

g) Presentation des r^sultats t 

Pour chaque tuyere essay^e ön trouvera successivement t 

- un profil de l^vre fixe avec princlpales dimensions de la tuyere et 
tableau de correspondances des ouvtrtures au pas et ouvertures reelles. 

- un tableau des mesures (s^uf pression le long des profils et essais 
conparatifs de traction). 

- la courbe du d^bit pritr.aire en fonction do la pression dans la chambre 
de la tuyere {h  iso-ouvertures au pas). 

- los courbes de d^bit total en fonction de la pression dans la chambre 
de la tuyfere {h  iso-ouvertures au pas). 

% 



f 
r 

I 

thlckfwt« of th» j»t and tit« tt«*p pnttutm <;r«<ll*nt ar^lch mm»*t th«t tt* 
Junction of th» thonocoupU ••« consUntly tmlnq forcod ogolntt th« tlot 
"•11  hy th« suction« 

c)  V«locitv  I 

Th« mean velocity at th« «xit of th« liv*rn«nt was calculated by taklnq th« 
moan of th« Fitot roadlngt ami calculating t.'.e velocity according to Ber- 
noulli's law, whil« taking as density that corraspending to th« t«mp«ratur« 
ahown by th« th«nnocouples; whence the total flow is obtained retaining the 
same density. 

d) 

The couple resulting from the twisting of the durite tube under pressure 
was duly calibrated. Further systematic comparative tests of the traction 
were carried out to discover the effect of the plastic divergent. For this 
purpose measurements were taken, under identical condit^'>',•? of prpssur« and 
opening, of the traction of the nozzle with and vithout tie  plastic divergent» 

e) Presbure on th« prüflie i 

The measurements in millimeters of mercury were translated into millimiters 
of water and are shown as ordinstes of the curves where the abscissae re- 
preseni: the curvilinear distances alone the profile taken from the first 
pressure recording on the developed curve. 

f) As an indication of the work performed, it may be noted that over 650 
tests were mad«, each involving an average of 30 measurements, or a total 
19,500 measurer.ients, and the sorting out, plotting and tabulation of the 
results of a single test includes 35 operations (corrections, averages, 
conversions into coherent units, etc.) which makes a total of 22,750 
operations. 

The actual tests necessitated the continuous presence of six people. 

The preparation of the test bench (after erection) took nearly two weeks. 

The sorting, tabulation and plotting of results required the work of 5 
percons for over one month, 

■ 

For each nozzle tested we have : 

g) Presentation of results t 

- a profile of the fixed lio with principal dimensions of the nozzle 
and a table showing the relations of opening by pitch to real opening. 

- a table of measurements (except in the case of pressure along the 
profiles and comporstivs traction tests). 

- the primary flow curve as function of the pressure in the nozzle 
chamber (at equal openings by pitch). 

- the total flow curves as function of the pressure in the nozzle cham- 
ber (at equal openings by pitch)t 

■ 
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- Us court»«« d'inducticn, mn  fonctle« d« la pr»»&lon «l«n« !• ctumtrm 
de la tuy^rt (k t«o-ouv*rtur*s au pm%), 

- !•• ro*jrb»« d« traction «n fonction du d*bit pri-talr« i l»o-ouv«rtui«* 
pa* mt  iso-cression dans la chairbr* d« la tuyere. 

- une s^ri« de courbes dormant lä repartition des pressions sur 1»$ pro- 
fils ^ iso-pression*Jan$ la chambre de la tuyere (autant de tableaux 
de courbes que d'ouvertures essay/e«). 

Tous les resultats dcnn^s sor.t des rfsultsts net?, «auf pour les 
pressions dans la chambre de la tuybre inf^ri^ures d I Kg./cm2., pour let- 
quelies 11 faut tenlr eompte des courbes d'^talonnage. 

Les commentaires de ces diffe'rents essais »eront pr»*ser.t^s h  la suit« 
de l'enserble des rnurhes. 

Fie. I. 

Fie. II. 

Fig. III. 

Fig. IV. 

Fig. V. 

• 

• 

Fig. 

FiQ0 

VI. 

VII- 

Fie.1 

Fie. IX. 

Scherr,a du banc d'essais. 

Vue d'enserriile du banc d'essais. 

Le reservoir tampon et les debim^tres. 

Detail des debimHres et d«s appjreils donnant les conditions 
atiTiCspheriques, 

Les rr.anotnetres multiples h  mercure. 
Detail de la balance (joint tournant, durite et couteaux, 
etc ...) 

Le micro-arnpereretre et  les  bouteilles Thermos» 

La balance.    Detail du dispositif a chatne. 

Tn w ä v a " t '",0 " "^ Q<-'--,<c lUyeie  jwi  su c _.. 3 i s , 

Etolonnage du manomfetre difftrentiel h  mercure. 

• 

i 
. ■ 

• 

' 
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• thm  Inducticn curwt «■ function of tho protturo In tlo nottl« en«», 
bor (••. oquol oponlng« by pitch). 

- tho troctlon curvo« os function of tho prinsry flov ot oquol oponlngt 
by pitch and oquol prosturo in tho noxilo chaabor. 

- a torlos of curvoa giving th« prassuro dittributlon alonq tho prof1 lot 
at oqual praskur« in tha nozzla chambor (as many curvo shaats as opa- 
nlr.qs tasted). 

All results given in this report »re net-resuits, except for pretsures 
in the nozzle chambers below I kg./cm2., where reference must be made to 
the calibration curves. 

The comments on these different tests follow all the curves. 

Fig.   It  Diagram of test bench. 

Fio.  II.  General view of test bench, 
- 

Fig.  III.  Buffer tank and flow meters. 

Fio.  IV.  Flow meters and apparatus for indicating atmospheric 
conditions. 

Fig.   V.  Set of mercury differential pressure gauges. 
Balance, showing turning joint, durite tube, knife-edges, 
etc ... 

Fig. VI. Micro-ammeter and thermos-flask. 

Fig. VII. Balance, showing chain device. 

Fig, VIII, "aCE" nozzle being tested. 

Fiq. IX. Calibration table of mercury differential pressure gauge. 

•* 

I 



a    MflC    PIMAJt Ol^aUÜ   OF    Ptf    TEST 

■ 

I. 

a. 
J. 
4. 

5. 

6. 

7. 

8. 

9. 

10. 

II. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Tub« 0 InUrltttr »MM. 

PHM tf« Mino. 

Tub« coll»ct«ur 0 100 ■*. 

Joint toumant. 

Mine (pr*ttion dans la chaabra da 
la Tuy*ra). 

Balanea pour •••ait Tuy^rat, 

Thamoaktra dans la Tuylra. 

Tuykra k aatiyar. 

Thanao-eouplaa. 

Manealtra A tubas aultiplas pour 
aau at ■arcuro. 

Oyro^tro dlffrfrantlal "Houdoo". 

Tuba 0 inttfx'aur « 90 m. 

Thaivoaktroa. 

Wblrttra "Borl" 

Msarvolr, Capacity 2B3. anviron. 

Manorttra da 0 4 7 Kg./oa&, avac 
robinat d*i*olamant, cadran 190 au 

Vannas I grands volant« 
(Mglago prossion). 

Pattt Hsarvolr. 

Grand rtfsarvoir. 

Blti support. 

2. 

3. 
4. 

J. 

6. 

7. 

e. 
9. 

10. 

II. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Tuba,  !ntamsl 0 SO am. 

Praiiur« gauya oriflca. 

Manifold 0 100 am. 

Turning Joint. 

Pras^ura gauga (pras^ura in 
nozzla chanbar). 

Balanea for nozzla tasts. 

Tharmomatar insida nozzla. 

Nozzla baing tastad. 

Thamocouplas. 

Hiltiplo-tuba prassura gauga for 
watar and marcury. 

"Houdac" diffarantial gyromatar. 

Tuba, Intarnal 0 50 im» 

Tharmomatara. 

"Bari" airflow meter. 

Reservoir, approx. 2 m3 capacity. 

Prassura gauga for 0 to 7 Kg./cm2 
with stop cock. Dial 0  150 nan. 

Shutter controla 
(pressure regulation). 

Small reservoir. 

Large reservoir. 

Supporting framework. 

i > 

• 

• 
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gtUKiUBn Bf Vfri MaMB flHrt- 
finUit-gmwt a;Mflt aütt— tit 

Pression lue 

Pressure read 

I 

0,9 

0,8 

0,7 

0,6 

0,5 

0,4 

0,3 

0.2 

0,1 

Prossion reelle 
Real  pressure 

1,000 

0,925 

0,317 

0,713 

0,615 

0,512 

0,411 

0,309 

0,205 

0,105 

Conditions de  l'^talonnage  : 
Calibration conditi-)ns  i 

- Pression barornetri^ue  ....  763 mm.  de - Barometric pressure 
mercure 

Humdit4 relative         48    % 

1 
- Relative humidity 

763 RID. of 
mercury 

48 % 



RESULTATS 
RESULTS 

I.    FamilU d« tuykro hoBiotl.etlquM * 

facttt«t  t 
Tuy^r« ....  12 

....  160 

""   ....  22 

I.  C«t«goiy of homothetic nozzlmt 

with facets t 

Nozzl* ....   12 

   160 

M       22 

II.    Familie de tuyeres homoth^tiques h 
profil arroric1-  i 

Tuyere  .... ICX2 bis 

  162 

.... 202 

.... 302 bis 

II.  Category of homothetic nozzles 
with rounded profile t 

Nozzl    102 b 

««  ....   162 

""   ....   202 

    302 b 

III. Familie de tuylrf s homot'n^tiques ä 

prof 1 arrondl : 

Tuyere ....  104 

164 

""        204 

-M 304 

III. Category of homothetic nozzles 

with rounded profile > 

Nozzle  ....   104 

164 

    204 tin 

n« 304 

IV. Familie de tuyeres semblables ^ 

profil arrondi : 

Tuyere ....  102 

UN 
(commune h 

(famille. 

••   ....  302 

i 

IV. Category of similar nozzles with 

rounded profile i 

Nozzle  ....   102 

""  ....     

(category. 

    302 

Mfi (common to 
(the second 

- 

■ 
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COÜNENTAIRES • 

REKWRUUbS GENERALES. 

Courbgs de d^bit primaire; 

Le d^blt primaire augmente r^guli^rement avee la pressioi et l'ouver- 
ture, ce qui est normal. 

Dans la plupart des cas, l'extiapclation de ces courbes au voisinaye 
de l'origine, c'est a  dire pour une pression nulle, ne donne pas un debit 
primaire nul, mais il faut remarquer, et on le voit nettement sur les cour- 
bes h  profil arrondi (Tuyeres "IM" ou "264" par exemple), que les courbes 
de debit ont une pente qui varie tr^s vite aux basses pressions (pressions 
InftrtcurM ä I Kgm, par crr^). Ces courbes ne sent done pas extrapola- 
bles h  l'origine. 

Notons qu'i! peut se produire des anomalies, comme c'est le cas pour 
la tuyere "ICM" OJ la courbe de debit correspondant ä l1Ouvertüre au pas 
de 9 mm, est situ^e en-dessous de la courbe de d^bit correspondant h  1'Ou- 
vertüre au pas d* 6 nn. Cela est dO au fait qu'en devissant le chapeau 
11 apparalt dans la chambre de la tuy&re un goulot d'^tranglement dont la 
section peut Itre inf^rieure ä la section de la fente de sortie. 

■ 

■ 

I 

Courbes de d^bit total i 

Ici encore, le d^blt augmente r^galierement avec l'ouverture et la 
pression, du moins entre certaines limites. 

La tuyere "102 Bis" est ä ce point de vue tres caracteristique,. Les 
courbes se placent regulierement, sauf celles correspondant aux ouvertures 
au pas de 3 mm. et V mm. La courue d'ouvsrture au pa? de 3 mn, presente 
une asymptote horizontale tres nette atteinte pour une pression de 
0,6 Kg./cm2. La tuyere est alors satureo, c'est a dire qu'en d^pit d'une 
augmwrtation continue du d^bit primaire, le debit total ne varie plus, 
done 1(5 quantity d'air aspird diminue.  On conQoit quo ia tuyere perde 
alors de sen inter§t. La courbe d'ouverture au pas de 9 mm. est plus dif- 
ficile k interpreter. On voit qu'ell© se situe en-dessous de la courbe 
d'ouverture au pas de 7 mm. La precision des mesures faites ne permet 
pas de conclurt : en effet, quand l'ouverture augmente les courbes de de- 
bit total forment un r4seau de plus en plus serre, ce qui est normal puis- 
que le col de la tuyere reste fixe alors que l'ouverture et la pression 
peuvent augmenter. La mise en place des courbes de debit total aix gran- 
des ouvertures devient done de plus en plus delicate. 

Remarquons que, contrairefiient aux ijuuiueä do debit tstal, Iss cour- 
bes de d4bit primaire ne or^senteront pas d'asymptotes horizontrUes, En 
effetj alors que pour 1<J debit total le col de la tuysre represente un 
qoulot d'4tranqlement, pour le debit primaire cet obstacle ne co^pte pas 
puisque la tuyere a toujours la possibility de refouler de I'dir pnr 1' 
av^nt (ce qui ne s'est d'ailleurs ^amis produit en cours d'essais). 

• 



lf% -    COMIlENrS    - 

I.        Gt"N'=HAL  REMARKS. 

Primary flow curve»   > 

- 

I 

The primary flow increase» regularly with th« pressure and the ope- 
ning, which is norrr.al. 

In most cases, the extrapolation of these curves in the neighborhood 
of the origin, i.e. for zero pressure, does not give a primary flow of 
zero, but it should be noted that - as may be clearly seen on the curves 
for the rounded profile» (e.g. nozzles "164" or "264") - that the gradient 
of the flow curves varies very rapidly at low pressure (below I Kg./cm2). 
These curves can therefore not be extrapolated at the origin. 

It may be noted that anomalies may occur, as in the case of nozzle 
"104" whose flow curve corresponding to an opening by pitch of 9 mm. 
lies below the corresponding flow curve for an opening of 6 mm. This 
is due to the fact that when the cap of the nozzle is unscrewed, a cons- 
triction occurs in the chamber, which may be smaller In section that the 
exit slot. 

Total flow curves i 

Here agai i the outflow increases regularly with opening and pressure, 
at least with'n certain limits. 

Nozzle ""ICGb" is very characteristic as regards this point of view. 
The curves are at regular intervals, except for those corresponding to 
openings by pitch of 3 im. and 9 mm. The curve for an opening by pitch 
of 3 mm, presents a very olear hori?ontal asymptote when the prcs&ure 
has reached 0.6 Kg./cm2. The nozzle has then reached saturation point, 
that is to say that in spite of a continuous increase of primary flow, 
the total flow shows no further change;  hence the amount of air induced 
decreases. The nozzle would therefore no longer appear to be of interest. 
Th*» curve for an opening by pitch of 9 mm. is more difficult to interpret. 
We set that is lies below the curve for a 7 mn. opening. The accuracy 
of th? measurements made is not sufficient to allow of definite conclu- 
sions i in fact, as the opening increases the total flow curves fall clo- 
ser a id closer toaether, which is normal since the throat of the nozzle 
reirai is fixed while the opening and the pressure can be increased. The 
plotting of total flow curves at very wide openings therefore become a 
more and more delicate operation. 

It should be noted that, in contrast with the total flow curves, the 
primary flow curves do not present horizontal asymptotes. Actually, 
whereas for the total flow the throat of the nozzle represents a constric- 
tion, for the primary flow this obstacle does not count since it would 
always be possible for the nozzle to re-eject the air forwards (which, 
incidentally, has never occured durina tests). 

- 
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:our^i J'ifxiuction i 

L«s courb»t ^'Induction nont  Us moin« Hguli^r»«. fcn 9ff«tt  dms !• 
calcul d« I'lnductlon s<» r^p«rtut<»nt l«s err«urs d» -«sur» du d^bit prl- 
mair« •' surtout du d^bit total« 

On const-Jt« neanmoins que les courbes se situ^nt bien les unes au- 
dessus des autres quand I'ouverture diminue, ce qui -Tontre bien I'influence 
du gradient do pression dans 1» jet sur le ph^non^ne d'asoiration d'air : 
1« gradient de pression depend en effet directement de l'epaisseur du jet, 
c'^st h  dire en definitive de i'ouverture de la fente. 

Pour les tuyeres h  profil arrondi, on constate que I'induction varie 
en general relativement peu avec la pression, sauf peut-etre pour la 
tuyere "102 Bis" et celles du type "300" pour une ou L.'?UX ouvertures. 

Pour les tuyeres l  facettes "12. "160" et "22", les courbes d'indue- 
tion ont une allure g^n^rale plus Tarqi'^e,  On note une decroissanee gene- 
rale de 1'induction avec la pression, ce qui semble au prerrner abord en 
contradiction avec la thecrie de la turbulence, qui veut que le mouvenent 
secondaire du fluide aspir^ soit d'autant plus intense que le gradient de 
pression dars le jet, done la pression dans la chambi* de la tuyere, est 
plus 4leve, C'est bien ce que confirment les courbes de d^bit total, la 
d^croissance de 1'induction prouvant simplement que le d^bit orir^ire ^un- 
mente plus vite que le d^bit total quand la pression augrnente, cs qui peut 
etre dö ä la fois au regime de la turbulence et ä la saturation de la 
tuyere. 

Une etude exp^rimentale plus precise permettrait sans doute de deter- 
miner pour chaque tuyere et pour chaque ouverture un maximum de la courbe 
d'induction. 

Courbes de traction »  1  

Les ssurbss sn traits plains sont des eourbss de traction pour une 
ouverture au pas eonstante, Ces courbes peuvent Itre considcrees comme 
des r^sultats qualitatifs sQrs.  LAS courbes en traits pointilles sont des 
courbes de traction pour une pression constante dans la chambre de la 
tuyere, 

i 

Toutes ces courbes se placent r^guli^rement, la traction augnentant 
en fonction du d4bit, de la pression et de I'ouverture (le debit df'pendant 
nature!lament d« la pression et de I'ouverture). 

On constate sur les tuyeres h  facettes "12", "160" et "22", que le 
r^seau des courbes de traction h  isopress"   se re;  ■'-rent sensiblemer.t 
quand la pression devient superieure a 2 .gs./cm2., c qui semble indiquer 
un changement de regime quand la vitess« h  la sortie db la fente devient 
supersonique, le gain de traction devena t de plus en y 'is faihle en fonc- 
tion de la oression. 

Des essals comparatifs de traction ont et, .-xcs pout voir le roie du 
diveroent en matiere plastique mis a la suite du divergent norriril de la 
tuyere.  Sauf une exception (tuyere "162") sur Hquelle nous reviendrons. 

■ 

kv 
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Induction curvt t 

Tr« induction curws cr* th« least rv^ular. 
measur»mtnt» of primary and •spaciMly total flo« 
of induction. 

Error inad« 
iffect th« 

in th« 
calculations 

Nevertheless we note that the curves fall clearly one above the other 
as the opening is decreased, which plainly «ho»» the influence of the 
pressure gradient in the jet on the phenomenon of air induction i the 
pressure gradient actually depends directly on the thickness of the jet, 
and thus finally on the slot openinq. 

For the nozzles with rounded profiles we note that in general the 
induction varies relatively little with pressure, except perhaps 
nozzle nl02.bn  and the "lOO" type nozzle for one or two openings. 

for 

For the nozzles with facets ("12", "160" and "22"), the general aspect 
of the induction curves is better defined. We note | general decrease of 
induction with pressure, which at first sight would appear to be in con- 
tradiction with the theory cf turbulence, which requires that the secon- 
dary flow of induced air shall increase with the pressure gradient in the 
jet, and thus with the pressure in the nozzle chamber. This is in fact 
confirmed by the total flow curves; the decrease of induction merely 
proves that the primary flow increases more rapidly than the total flow 
when the pressure is increased, which may be due both to turbulence and 
to the saturation of the nozzle. 

In a more detailed experimental study it would doubtless be possible 
to establish where the induction curve for each nozzle and each opening 
reaches its maximum. 

Traction curves t 1 

The full lines are the traction curves for equcd opening by pitch. 
These curves may be considered as definite qualitative results. The 
broken lines are the traction curves for equal pressure in the nozzle 
chamber. 

All these curves fall at regular intervals, the traction increasing 
as a function of flow, pressure and openong (the flow naturally depending 
of the pressure and opening). 

•< 

We note that for the nozzles with facets, "12, "160" and "22", the 
traction curves at cqusl pressures fall appreciably closer together when 
the pressure becomes greater than 2 Kq./cm2., which would appear to in- 
dicate a change of regime when the velocity at the exit of the slot be- 
comes supersonic, the gain in traction becoming less and less as a func- 
tion of pressure. 

Comparative tests of the traction were made in order to discover 
the effect of the plastic divergent which had been placed after the ordi- 
nary divergent of the nozzle. With one exception (nozzle "162"), to 
which we shall refer later, the tests showed that the removal of the 

• • 
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!•• «stilt o»t nontrrf qum it »uopr^ttion du «Jlvvrrje^t «n ir«ti»>r» plttti^u» 
tu<jn»»>talt touj-tur« 1* traction ot>t*nu« pour an •*-• d#oit prlm«lrt, »t 
c«ci  dant d»i proportions souvent  l^port^ntes,  pu:t>vju« It q*ln d# tr^ct.on 
»• titualt touvert »ntr« 0,5 «t  I Ko.,  volr« rr4-9 pJus.      Pour  la tuy^rt 
"162" par contra,  o.>  ivait un« J:~i-.ut:on de traction ne d^p^ssant F>at 
500 gra'^net «n suporlfr^nt   le diverqe^t *n pi ist i sue. 

ueci   montr«  inaiscutabl-s.-ent que  les  result^ts  o.^tenus   sent  des  re- 
iuitats par d^'faut   (sauf oeut-etre  pour  la  tuyere  "162"). 

Les  resultats  n'en demeurent  pas moins  extr8r*;erent int^ressants,  cofCTe 
ie rontre   le araphique ci-joint.     NüUS  avons  trac»?  sur une neme  feuille  la 
courbe donn^nt   le  rapport traction  sur d^bit  primaire en  fonction de It 
pression d'arret pour un jet donnant une reaction directe,   et   le ranport 
obtenu exp^rinentale^ent pour MTttilM  essais sur des  tuyeres   "22",   "164'" 
et  ".'02".    On voit que  les r^sultc ts exoerirnentaux se situent   larqement 
au-dessus des  resultats  thooriques.     II   faut encore renarquer que  la  cour- 
be  theorique  =?  etc'   trac^e pour une  terr-pt'rature d'arret de 290° Kelvin,  c' 
est a dire  17°  C,   alors que  les  r^sultats experi-nentaux ont ^te ootenus 
avec une terprr^ture dans  la chanbre de  la  tuyere de 20° C.   pour  la tuyere 
"22",  de  10° C.   seulenent pour la  tuyere "164",   et de  10° C.   seulement 
pour la tuyere "302" m 

'■ 

Ces resultats dejä tr^s «floquents sent done encore des rosultats oar 
defaut, puisque le rapport traction sur d.-oit dirrlnue quand la temper,ir,ure 
d'arret diminue, comne on le verifie sur les tableaux precedemnent cit?S 
dan*; ce rannort« 

II.  RE.'-ARwUE Sb'R LE RAFFCRT £NTHE LE DEBIT TOTAL ET LA FACTION, 

On remarque qu'en gen^ral le produit de la vitesse de sortie oar le 
debit total est plus eleve que la traction.  La precision des mesures dj 
d^bit total ne perlet uas de conclure d'une fa^on sure.  II f»ut rerrarquer 
quo thooriquoment la traction est »oale au flux sortant de quantite de 
nouvement dirigee suivant l'axe de la tuyere, e'est ä dire le flux sortant 
d_ diveraent moins le flux entrant dans le converaent (air asnire). En 
fait, ce derriier donnera une copposante tres faible suivant l'axe de la 
tuyere, parco que I'air asoir^ a une vitesse oblique par rapoort ä l'axe 
de la tuyere, 1'effet d'aspiration se faisant sentir assez loin de celui-ci. 

"1 i 
i 

II 

D'autre  part,   la disyrr.r'trie de  l'ecoulement  fait que  le dc'bit  total 
ne  donne  pas uniquenent une quantite  de rrouveTient dirigee suivant   l'axe 
de   la   'uy^re,  -als  aussi   suiv.snt des  perpe-idiculaires a cet axe,  donnant 
ainsi  naissance  a des  couples difficiles  a  fvaluer. 

RE.'.^R^Uh  ^UR  LE  ROLE D£^ CGriDI-IONS  ATAlOSPHHRUUES. 

Ce role est  prc-ponderant,   surtout du point de vue terrcrrnture.    On 
peut  le constater sur  la  tuyere "2^"  o\ une  s^-'rie d'essais I   I'ouverture 
au  pas de 0,3 nr.  a et^   faite deux   fois dans des conditions  tres differen- 
tes.     Le dccal=»qe des courbes correspondantes est  tr^s riet. 

* 

v 
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plastic diwrcvnt •l—y Incffd V •  traction obtainad, for aqua] ^ri- 
>rary flow, and of tan vary considar«t>ly sinca th« traction 9*inod was 
oftan fro«r O.S to I Kg. and $om»tirra« frora. For nozzla "I6J", on tha 
oLf^r hand, tha reroval of t.v a olistic ^ivargant causad a raduction In 
traction -»f not nora than bOC gra^s. 

This shows jefinetely that tha absolute valu«»< ojtained t.ere  too low 
(except perhaps for nozzle "162"). 

However, the results are none the le«;*. ^rterestinq, as wiii De seer. 
from the accompgnying graph. On the «arr.e sheet, .ve have plotted the 
curve givinq the ratio of traction to primary flow ^s a function of sta- 
gnation pressure for a jet producing a direct reaction, and the ratio 
obtained experirrentally in certain tests on nozzles, "2^"t   "IM" and "3C2". 
vVe see that the experimental results lie far above the theoretical results. 
It should also be mentioned that the theoretical curve was plotted for a 
stagnation temperature of 280° Kelvin, i.e. 17° C, whereas the experi- 
mental results w&re obtained with a temperature in the nozzle chamber of 
20° C. for nQ7?le n22n,   only 15° C. for nozzle "164", and only 10° C. for 
nozzle "3C2". 

These absolute values of these results, which are already most inte- 
resting, are thus, however, again too low, since the traction-flow ratio 
decreases when the staqnation temperature falls, as is confirmed by the 
tablt-S mentioned previously in this report, » 

11,  REMAfKS CONCERN INC THE RATIO OF TOTAL FLOW TO TRACT!ON. 

ill*.   B 

We note in general that the product of the exit velocity and the 
total flow is higher than the traction.  The accuracy of the total flew 
measurements is not sufficient to allow definite conclusions,  it should 
be noted that theoretically the traction is equal to the emcrqing momen- 
tum flux in the direction of the axis of the nozzle, that is to say the 
flux emerging from the divergent minus the flux entering the convernent 
(induced air).  In actual fact, the component derived from the letter 
Hill be very small along the axis of the nozzle, oecausa tne velocity of 
the induced air is oblique in relation to the nozzle axis owing to the 
fact that the suction effect is perceptible quite far from this axis. 

In addition, owing to the disyrrmetry of the flow the total flow 
produces a nomenturr which is not solely directed alono the axis of the 
nozzle but also perpendicular to this axis, thus giving rise to torques 
which are difficult to evaluate. 

■ 

EVARK:. CONCERNING THE ^FFtCT OF ATMO^PHLHIC CONDITIONS. 

Atmospheric conditions, an^ particularly t^penture, are of oreat 
importance.  This can be seen on nozzle "22", with which a series of 
tests, at an oponinq by pitch of 0.3 mm., wpre rade tv.ice In very diffe- 
rent conditions.  The changed position of the corresoonding curves is 
verv definite. 

. 
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:.. amAKUt SV*  LA  T^LRc  a   TYPE  -LA.'   . 

C*tt* tuy^r« a  fait   l'objat d'vsaiis iMM  Us  labor«tolr«s d«9 UttlMl 
CH4USS0N |  Aani^ras  (S«in«,   Fr»rc«).    Oh trouvar« pl-j?   loln  l»s  ciractrf- 
ristiquas da  catte  tuy^ra,   la  schema da  1'InstalUt ion du tanc  d'assais 
at   les   r^sult^ts  obtenus. 

CQNCUJSIQHSj - - - 
Certei, il serait possible de d^terriner la reilleure tuyere en se 

plaqant uniquement sur lo plan renaeient pur.  On pourrait ainsi determi- 
ner dans une famiiie de tuyeres le diain^tre optimum au col pour une pras- 
sion et une Ouvertüre donn4es, ou bien determiner pour une tuyere 1'ouvw 
ture optimum pour une pression donn^e.  On pourrait, naturellement, pour 
plusieurs tuyeres de memes dimensions mais de profil different, determiner 
la meilleure pour un m^me r^qlaae. 

Mais si on veut considerer un point de vue pratique, il faut prendre 
en consideration des param^tres materiels : enco^brement, resistance des 
mat^riaux, orix de revient, etc.... 

Tous ces param^tres ne pourront etre introduits que le jour OJ sera 
connu le role precis assigne I la tuyere, c'est a dire quand on passera h 
la realisation, non plus d'un avant-projet, mais d'un prototype d'AERODYNE. 
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IV 

T»sts *9T9  mdd« of thi« n02zl* in th« laboratories of th« CHAUSSON 
»»orks, at Asni^r«« (S«in«, Franc«).  Tie rhancteristlcs of this nozzle 
will be given later, together with a diagram of the test bench installa- 
tion, and the results obtained. 

V.  CONCLUSIONS. 

It would o." course be possible to determine which is the best nozzle 
purely from the po?nt of view of efficiency. Thus we could, for one cate- 
gory of nozzles, establish the most favorable diameter of throat for a 
given pressure and opening, or else establish the best opening of a nozzle 
for a given pressure. We could also, *or several nozzles of the same di- 
mensions but different profiles, deternine which gave the best results for 
the same adjustment. 

But if we wish to take into account the practical point of view, we 
must consider the material parameters T bulk, resistance of materials, 
prine cost, etc... 

All these parameters can only be introduced when we know the exact 
purpose for which the nozzle is destined, that is to say when we pass on 
to the realization not mereiy of a draft project, but of the prototype of 
an AERODYNE, 
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- TUYERE " L.A. • - 

i 

La tuyere "L.A." est u.ie tuyere interne centrifuge, tile a pcur but 

de rer.placer lei ventilateurs centrifuges. 

Elle peut s'erpicyer simple ou double, c'e^t I dire avec 1'aspiration 

d'un seul c6t^ ou par deux c8tr's 3 la fois« 

Elle fonctionne de la faqon  suivante i 

- Au col de la tuyere se trouve la fente scufflante par Ou sort I'sir pri- 

maire. La forte depression qui se produit le long de la pTerähre  facette, 

laquelle est orient^e approximativerent parallMement a l'axe de la tuyere, 

aspire violemr.ent I'air ambiant (air secondaire). 

- L'ensenble du melange air primaire et air secondaire suit alors la paroi 

qui est formte par la l^vre prolongee de la fente et se dirige d'une faqon 

centrifuge vers la p^riph^rie de la tuyere. 

- L'autre paroi de la tuyere est formee par la pie-ce du milieu dont le pro- 

fil joue un grand r8le, car il faut que I'espace engendre par la l^vre pro- 

longee de la fente et la paroi de la piece centrale presente touted les 

qualit^s d'un divernent. A la sortie de cet espace et en partant d^ la 

phPTiph^rie de la tuyere se trnuve plac^e une cnuronne portant des ailettes 

de profil appropri^, lesquelles irr.priment au melange un mouverent de rota-" 

tion de faqon h  ce que 1'ensembl*» pui sse etre collecte par un coii^agon. 

Si I1emplacement le permet, on peut renplacer ces ailettes par des alles 

circulaires concentriques lesquelles, suivant 1'application d'un des Bre- 

vets de la SFERI-COANDA (Fente 4paisse), permettent de collecter tout cet 

air dans une chambre pour etre dirige ensvdte ä l'endrcit voulu. 

11 est bon de mentionner que suivaitt les bsssins on peut, bier) entenau 

monter -es tuyeres "L.A." en plusieurs etages. 

: 
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L.A. NOZZLE  - 

The "L.A,B nozzle is an Internal centrifugal nozzle.  Its purpose is 

to replaee centrlfuydl ventilrftora« 

It can be used in single or double fonr:, that is to say with induction 

of air on one side only or on both sides at once. 

The nozzle functions in the following manner ; 

- The slot out of which is blown the primeiry air is located at the throat 

of the nozzle.  The great depression which is produced along thr first 

face-«., which is roughly parallel to the axis of the nozzle, exerts an 

extremely strong suction effect on the surrounding air (secondary air), 

- The resulting mixture of primary and secondary air then follows the wall 

which is formed by the extended lip of the slot, and proceeds centrifu- 

gally towards the periphery of the nozzle. 

- The opposite wall of the nozzle is formed by a center piece who?© profile 

is of great importance, because it is necessary that the space lying 

between the extended lip of the slot and the said center piece should 

have all the characteristics of a divergent. At the exit of this space, 

around the periphery of the nozzle, a ring of fins of suitable profiU 

impart a rotational motion to the mixture so that this can be collected 

in a spiral element.  If the position of the device tllowt it» these fine 

can be replaced by annular, concentric wings in which one of the SFERT 

COANDA patents is applied (wide slot), which enable all the air to be 

collected in a chamber from which it can then be directed to the desired 
« 

point. 

It should be mentioned that these ''L.A." nozzles can also, if desired, 

be mounted in series. 

■«• 
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SFERI   COANDA Nozzle  | I   ^ 
Tuyere      ^.^^• 
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